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Modelling the effects of the weather on admissions to
UK trauma units: a cross-sectional study
Nick Parsons,1 Michelle Odumenya,1,2 Antoinette Edwards,3 Fiona Lecky,3
Giles Pattison1,2
ABSTRACT
Objective To assess the relationship between daily
trauma admissions and observed weather variables,
using data from the Trauma Audit and Research Network
of England and Wales and the UK Meteorological Office.
Design A cross-sectional study.
Setting Twenty-one accident and emergency
departments (ED) located across England.
Participants All patients arriving at one of the selected
ED, with a subsequent death, inpatient stay of greater
than 3 days, interhospital transfer or requiring critical
care between 1 January 1996 and 31 December 2006.
Main Outcome Measures Daily counts of adult and
paediatric trauma admissions.
Results Multivariate regression analysis indicated that
there were strong seasonal trends in paediatric (c2
likelihood ratio test p<0.001), and adult (p¼0.016)
trauma admissions. For adults, each rise of 58C in the
maximum daily temperature and each additional 2 h of
sunshine caused increases in trauma admissions of 1.8%
and 1.9%. Effects in the paediatric group were
considerably larger, with similar increases in temperature
and hours of sunshine causing increases in trauma
admissions of 10% and 6%. Each drop of 58C in the
minimum daily temperature, eg, due to a severe night
time frost, caused adult trauma admissions to increase
by 3.2%. Also the presence of snow increased adult
trauma admissions by 7.9%.
Conclusion This is the largest study of its kind to
investigate and quantify the relationship between trauma
admissions and the weather. The results show clear
associations that have direct application for planning and
resource management in UK ED.
It is a widely held belief that the number of trauma
admissions by accident and emergency departments
(ED) is related to the local weather conditions. It is
believed that certain weather patterns, such as
warm sunny days or heavy rainfall are associated
with greater numbers of trauma admissions; due to,
for instance, an increase in outdoor activity in the
former case and an increase in road trafﬁc collisions
(RTC) in the latter case. A strong positive correla-
tion has been previously reported between monthly
sunshine hours and paediatric fractures,1 suggesting
that longer hours of outdoor activity lead directly to
an increased exposure to potential situations likely
to lead to traumatic injury. Also, results from
another preliminary study showed that seasonal
patterns of weather-related RTC in England and
Wales match the occurrence of hazardous condi-
tions, with regional variations to weather patterns
identiﬁable within RTC data.2 Others have
attempted to model the relationship between
meteorological factors and trauma admissions3 4 and
motor vehicle collisions5; and more speciﬁcally
between meteorological factors and paediatric
admissions.6 The most comprehensive reported
study to date used one year ’s data from Leicester
Royal Inﬁrmary and established signiﬁcant associa-
tions between daily trauma admissions and local
weather conditions.7 That study, along with much
of the literature reported in this area, has provided
reasonable evidence for associations between the
weather and trauma admissions. However, that
work has not led to changes in the planning of care
provision in trauma units, due perhaps partly to the
perceivedweakness of the evidence provided by such
studies; most of the work used short time periods
and single study centres.
The suggestion that weather reports could be
used to help forecast NHS workloads is not new,8 9
and the potential to predict variability in admission
numbers to trauma units to assist in planning is
clear, despite reservations about the current reli-
ability of short to medium-term weather forecasts.
Irrespective of the potential exploitation of models
for planning purposes, it seems important ﬁrst to
explore fully, quantify and understand the nature of
the relationship between recorded weather data and
trauma counts. To this end, we have acquired
comprehensive records of trauma admissions for an
11-year period (1996e2006) from a representative
sample of hospital centres from the Trauma Audit
and Research Network (TARN) of England and
Wales. Together with correspondingweather records
provided by the UK Meteorological Ofﬁce, we
construct and report on the signiﬁcance of models
relating trauma admission counts to recorded
weather variables. Previous work has shown that
paediatric admissions are likely to be considerably
more sensitive to variability in the weather7; there-
fore we have developed models for adults and paedi-
atric admissions separately. This is a cross-sectional
study that matches daily trauma admission count
data, obtained from a representative sample of
hospitals, to a range of weather variables recorded
locally to the incident hospital. The aim of the study
is to establish and quantify the signiﬁcance of rela-
tionships between trauma admission counts and the
weather, and draw inferences on the observed effects
more widely for UK trauma services.
METHODS
TARN data
Data reporting injured patients admitted to
hospital after attending ED, for the period 1
January 1996 until 31 December 2006, were
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obtained from TARN for 21 core hospital centres in England.
TARN captures data from patients arriving at hospital alive after
injury and fulﬁlling one or more of the following four criteria:
(1) the patient subsequently died as a result of the injury; (2) the
patient received interhospital transfer; (3) the patient required
critical care and (4) the inpatient stay was greater than 3 days.
The proportion of patients arriving at hospital after receiving
interhospital transfer was approximately 10%, across all 21 core
hospital centres. TARN excluded neck of femur fractures from
patients aged over 65 years and unilateral closed limb fractures.
The hospitals selected provided consistent and reliable submis-
sion records and were of varying size and geographical location,
covering both urban and rural areas, and as such were generally
representative of the UK population (details of locations are in
the supplementary material, available online only). The data
available for each patient admitted to one of the selected centres
during the study period were age (years), gender, injury severity
score, date of attending ED and date of injury. In total there
were 59 167 patient records, after validation and data cleaning
(see supplementary material, available online only, for details),
the numbers categorised by injury severity score, patient status
(alive or dead) and mechanism of injury for adult and paediatric
groups (age less than 16 years) are shown in table 1.
Weather data
Weather data for the period 1 January 1996 until 31 December
2006 were obtained from the UK Meteorological Ofﬁce,
reporting observations made at the nearest meteorological
stations to each of the 21 selected centres (see supplementary
material, available online only, for details). The data consisted of
daily measurements of maximum and minimum temperatures
(8C), rainfall (mm), sunshine (h), mean wind speed (mph) and
maximum gust wind speed (mph) and the presence or absence of
snow or sleet and fog. These particular variables were selected
predominantly because they are the most widely reported else-
where, but also because they are all currently provided by the
UK Meteorological Ofﬁce’s numerical weather forecast. Data
were missing for a number of these variables at speciﬁc sites and
days, due predominantly to instrument-related technical failure,
amounting to 7.5% of the full dataset. The available data are
summarised by week number by averaging across years and
hospital centres in ﬁgure 1.
Statistical models
The default choice for modelling count data is the Poisson
distribution, implemented in the Poisson regression model.10
However, when, as is often the case, counts are suspected of
being overdispersed, the presence of greater variability than
would be expected for the selected model, the most common
extension is to the negative binomial distribution.11 Previous
work has shown the negative binomial distribution to be
a useful model for trauma admission counts.4 Trauma counts are
expected to exhibit a degree of clustering, due to for instance
multiple individuals being involved in a single event (eg, a motor
vehicle accident), and therefore in principle one would expect
the negative binomial distribution to be the most appropriate
model for these data.
Negative binomial regression models12 were ﬁtted to observed
daily adult and paediatric group trauma admission counts using
the yearly counts at each centre and year as a model offset (see
supplementary material, available online only, for full description
of the model). This effectively transforms the model response
into the daily admission rate relative to the total yearly admission
count for each centre and year; removing the effects of centre and
year that would otherwise be problematical. The weather vari-
ables were used as explanatory variables in the regression model
together with seasonal factors representing the day of the week
and the week number and also a factor indicating signiﬁcant
days, such as public and school holidays. When there were
missing weather data, then reported analyses used complete cases
only. Modelling work was undertaken in the R statistical soft-
ware13 using available negative binomial functions.14
RESULTS
A total of 59 617 patients was included in the study; the median
age of adult and paediatric patients was, respectively, 47.8 years
(range 16e110) and 9.7 years (0e15). Mean daily trauma
admissions were 0.839 patients per hospital centre, with a range
from 0 to 10. Indeed, across all hospital centres and years the
most likely daily admission count was 0, occurring 49.6% of the
time. Initially, as a way of investigating the crude seasonal
variation in trauma counts during the course of a year, a regres-
sion model was ﬁtted including only a factor indicating the week
number; in which Monday was designated as the ﬁrst day of the
week and the ﬁrst Monday of the year as day 1 of week 1.
Incidence rate ratios (IRR) indicated the strength of the associ-
ation; for instance an IRR of 1.2 indicates a 20% increase in the
incidence of trauma admission relative to the baseline group, in
which the IRR is set to unity. Estimates of IRR for each week,
with week 1 set to unity, are shown in ﬁgure 2, together with
a cubic spline curve (with degrees of freedom equal to 4) for both
the adult and the paediatric group, to indicate the overall
seasonal trend. A likelihood ratio test indicated that the model
including the cubic spline term for week number was a signiﬁ-
cant improvement on the null model (model with no explana-
tory variables) for the paediatric group (c2 likelihood ratio test
p<0.001), and for the adult group (c2 likelihood ratio test
p¼0.016). Figure 2 indicates that trauma admissions were
approximately 70% higher during the peak of the summer
season than at the beginning of the year in the paediatric group,
irrespective of year or hospital. This conﬁrms the peak in
Table 1 Trauma admission counts by patient status (dead/alive), ISS
and mechanism of injury after treatment for adult and paediatric groups
Mechanism of injury
ISS £15 ISS >15
Total (%)Alive Dead Alive Dead
Adult
Amputation (partial) 10 0 0 0 10 (0.02)
Amputation (total) 6 0 0 0 6 (0.01)
Burn 32 0 12 7 51 (0.10)
Fall less than 2 m 19384 576 1243 399 21602 (40.68)
Fall more than 2 m 4569 64 1710 545 6888 (12.97)
Other 5297 48 905 244 6494 (12.23)
Skeletal/organ/vessel destruction 9 0 5 0 14 (0.03)
Vehicle incident/collision 11266 139 5118 1516 18039 (33.97)
Paediatric
Amputation (partial) 1 0 0 0 1 (0.02)
Amputation (total) 0 0 0 0 0 (0.00)
Burn 21 0 1 0 22 (0.36)
Fall less than 2 m 1303 1 140 9 1453 (23.97)
Fall more than 2 m 465 0 189 23 677 (11.17)
Other 1062 6 209 31 1308 (21.57)
Skeletal/organ/vessel destruction 0 0 0 0 0 (0.00)
Vehicle incident/collision 1632 4 811 155 2602 (42.92)
Total 45057 838 10343 2929 59167
‘Other’ indicated mechanisms of injury not covered by the other categories; for example
sports-related injury.
ISS, injury severity score.
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admissions during the summer months for this group of patients
reported elsewhere.7 Adult trauma admission also showed some
signiﬁcant seasonal variation, but without the marked rise
during the summer months seen for the paediatric group.
Multivariate regression models for adult and paediatric
admission counts were developed using stepwise regression, with
forward selection and backward elimination, to select a subset of
signiﬁcant model terms using Akaike’s information criterion.15
For the paediatric model the important terms were the day of the
week, an indication of a public or school holiday, the maximum
daily temperature, the number of hours of sunshine and themean
and maximum gust wind speed. For the adult model the impor-
tant terms were the day of the week, the maximum and
minimum daily temperature, the number of hours of sunshine,
the daily rainfall and the presence of snow. The parameter esti-
mates (table 2) were such that for both paediatric and adult
patients the peak in trauma admission occurred on Saturdays,
with a low number of admissions occurring on Tuesdays,
followed by a gradual increase from this day of the week until the
weekend. The estimated IRR indicated an increased incidence of
trauma admissions of approximately 11% and 4% for the adult
and paediatric groups for Saturday relative to Friday; similarly
trauma admissions on Tuesdays were 16% and 19% lower for the
adult and paediatric groups. Also, for the paediatric group, an
indication that the day was a public or school holiday also
signiﬁcantly increased admission by an estimated 6%.
The incidence of both adult and paediatric admissions
increased as the maximum daily temperature and the hours of
sunshine increased. For the adult group, each rise of 58C in the
maximum daily temperature and each additional 2 h of sunshine
caused increases in trauma admissions of 1.8% and 1.9%,
respectively. The effects in the paediatric groupwere considerably
larger, with similar increases in temperature and hours of
sunshine causing increases in trauma incidence of 10% and 6%,
respectively. For the adult group, adverse weather conditions
appeared to be important in increasing trauma admissions in
a manner that was not observed for the paediatric group. The
minimum daily temperature proved to have an important effect
on adult trauma admissions, with each drop of 58C, for instance
due to a severe night time frost, causing admissions to increase by
3.2%. The presence of snow or sleet increased adult trauma
admissions by 7.9% and each additional 10 mm of rainfall
increased trauma admissions by 2.2%. The effects of wind on
trauma admissions were important for the paediatric group only.
As themaximumwind gust speedwas generally at least twice the
mean speed (ﬁgure 1), estimated IRR for these two factors suggest
that an approximate 20 mph increase in the mean wind speed
would cause a decline in paediatric trauma incidence of 13%.
DISCUSSION
This is a large retrospective analysis of prospectively recorded
data that correlates daily trauma admissions for adult and
paediatric patients with prevailing local weather conditions on
the day the injury was sustained. It provides clear evidence that
paediatric trauma admissions increase during the summer
Figure 1 Weekly trends in recorded
mean weather data for the period 1
January 1996 to 31 December 2006 and
for the selected hospital centres.
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months (ﬁgure 1); our data suggest that this increase could be of
the order of 50% during the period from April to September.
Previous studies report a comparable increase of 30% for paedi-
atric trauma admissions for this period by an ED in the north
east of Scotland and provide evidence that paediatric admissions
are more strongly related to ‘good’ weather than ‘bad’ weather
conditions.6 16 This was conﬁrmed in a year-long study in
Leicester that found that a 58C increase in maximum daily
temperature increased paediatric trauma admissions by 11%,
and that each additional hour of sunshine increased admissions
by 4%.7 The comparable ﬁgures from our study for the effects of
maximum temperature and sunshine, from an 11-year period for
21 centres, were 10% and 3%; remarkably similar estimates. The
assumption is that children playing outdoors are more likely to
sustain trauma injuries,17 and that the increased opportunity for
this during the summer months results in the reported seasonal
trends for this population. Our study, which is by some way the
largest of its kind, clearly demonstrates the strong association
between weather conditions and seasonal increases in paediatric
trauma admissions.
The observed day of the week effects, with a peak in admis-
sions at the weekend, appeared to be consistent with the
hypothesis that increased outdoor activity correlated well with
increases in both adult and paediatric admissions. Previous work
also reports that trauma admissions were considerably higher at
the weekend; with estimates suggesting that trauma admissions
increased by 24% on Saturdays, relative to the average day.3
Adult trauma admissions did not show the marked increase
during the summer months apparent for paediatric admissions.
As for paediatric admissions, the effects of increased maximum
daily temperature and sunshine were signiﬁcant, but of a much
smaller magnitude for adult admissions. Strong associations
between high temperature and the occurrence of trauma have
been reported elsewhere, with the authors speculating that this
was due to increases in outdoor activity and driving.5 This
increase in summer outdoor activity-related trauma admissions
for adults seems to be in a sense balanced by the increase in
admissions due to ‘bad’ weather conditions in the winter
months for this population; resulting in the lack of a strong
seasonal trend for adults (ﬁgure 2). The increase in adult
admissions observed for our data due to heavy precipitation have
also been reported previously in Tokyo and at a large US trauma
unit.4 5 However, the strong associations reported in our study
linking the effects of falling temperatures, presumably an
Figure 2 Incidence rate ratios and fitted splines (61 SE) to indicate
week-to-week (seasonal) variation in admission counts for adult (C)
and paediatric (B) patients.
Table 2 Final fitted models for seasonal factors and weather variables, showing IRR, 95% CI and
associated p values for adult (residual d.f. 48 405) and paediatric (residual d.f. 54 524) group models
Model term
Adult Paediatric
IRR 95% CI p Value IRR 95% CI p Value
Seasonal
Weekday
Monday 0.868 (0.836 to 0.902) <0.001 0.833 (0.751 to 0.924) <0.001
Tuesday 0.843 (0.812 to 0.876) <0.001 0.811 (0.731 to 0.899) <0.001
Wednesday 0.880 (0.847 to 0.914) <0.001 0.839 (0.757 to 0.929) <0.001
Thursday 0.924 (0.890 to 0.959) <0.001 0.930 (0.841 to 1.028) 0.155
Friday 1.000 e e 1.000 e e
Saturday 1.109 (1.067 to 1.153) <0.001 1.043 (0.943 to 1.154) 0.412
Sunday 1.053 (1.014 to 1.094) 0.007 1.006 (0.908 to 1.114) 0.910
Significant date e e e 1.062 (0.996 to 1.131) 0.066
Weather
Maximum temperature (8C) 1.003 (1.000 to 1.007) 0.061 1.019 (1.014 to 1.025) <0.001
Minimum temperature (8C) 0.994 (0.990 to 0.998) 0.001 e e e
Rainfall (mm) 1.002 (1.000 to 1.004) 0.064 e e e
Sun (h) 1.010 (1.006 to 1.013) <0.001 1.030 (1.022 to 1.038) <0.001
Snow (presence/absence) 1.079 (1.044 to 1.115) <0.001 e e e
Fog (presence/absence) e e e e e e
Mean wind speed (mph) e e e 1.013 (1.001 to 1.025) 0.034
Gust speed (mph) e e e 0.990 (0.984 to 0.996) 0.001
d.f., degrees of freedom; IRR, incidence rate ratio.
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indicator of winter ice and snowfall on adult trauma admissions
have not been widely reported elsewhere. Previous work has
reported that snowfall had a negative association with trauma
admissions3 4ethat is, it resulted in a marked reduction in
trauma admissions. The suggestion of the authors of a previous
study,4 based in the US midwest, was that snow caused a ‘siege
mentality ’ resulting in most people remaining indoors. It may be
that our modelling procedures, unlike some other studies, allow
us to account more fully for the confounding effects of the other
weather variables that may mask the more subtle effects of
winter cold on trauma admissions. Or it is perhaps more likely
that adults in the UK are much less inclined to change their
normal day-to-day activities during cold winter weather.
Although it was necessary to exclude some data due to
inconsistency of recording, this was a small proportion (6%) of
the full dataset and we have no reason to suspect that this has in
any way biased the analysis. Only admission data were
availableda more comprehensive analysis would have been
obtained by the inclusion of other, less seriously injured,
patients also referred to the trauma units. As indicated previ-
ously, approximately 10% of patients included in this study
were admitted to a trauma unit after transfer from outside of
the immediate locality, and thus the weather data associated
with the hospital may not be the same as that experienced by
the patient at the location the trauma incident occurred. The
effect of this would be to weaken any association between
trauma admission counts and weather data in our models;
therefore it seems likely that IRR are actually underestimates of
their true values. Approximately 7.5% of the weather data were
missing due to instrument technical failure. There is no reason
to suspect that this was in any way related to the current
weather conditions at the time of failure, therefore it seems
unlikely that this could in any way bias or distort the rela-
tionships reported in this study. The study results must partly
reﬂect more complex social and economic factors speciﬁc to the
UK, therefore the results may not readily generalise to other
climates and populations.
The results of this extensive study, covering many trauma
units of varying size and location over an extensive period of
time, show strong and intuitively convincing relationships
between recorded weather data and trauma admissions. This
model could clearly be used to provide predictions of daily
admissions, with clear implications for the scheduling of staff
and other resources at UK trauma receiving hospitals; this point
has also been noted by a number of other authors, who similarly
conclude that their work has implications for seasonal and
weather-related adjustment in the management of resources.1 4 7
The use of weather forecasting to predict NHS workload is
a topic that has elicited much debate in recent years.8 The
conclusions of this work are clear and allow us to estimate with
some conﬁdence the results of varying weather on UK trauma
admission rates. Improvements in data assimilation, modelling
and observing systems have all signiﬁcantly increased the
accuracy of both short and medium-range weather forecasts.18 19
The challenge for the future is to improve forecast accuracy
further in order to provide sufﬁcient time for the detailed
planning and allocation of resources that would be necessary to
implement these models. If that were possible, the results of
these models could have a profound inﬂuence on improving the
provision of trauma services.
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